Differential activation of protein kinase C isozymes by short chain phosphatidylserines and phosphatidylcholines.
To investigate the importance of the physical state of phospholipids for activation of protein kinase C, we have used short chain phospholipids, which, depending on their concentration, can exist as either monomers or micelles. We previously reported that short chain phosphatidylcholines (PC) can activate protein kinase C at concentrations that correlate with the critical micelle concentration of the activating lipid (Walker, J. M., and Sando, J. J. (1988) J. Biol. Chem. 263, 4537-4540). We have now expanded this work to short chain phosphatidylserine (PS) systems in order to examine the role of Ca2(+)-phospholipid interactions in the activation process. Short chain PS were synthesized from corresponding PC and purified by reverse-phase high pressure liquid chromatography. Use of the short chain system has revealed significant differences in the activation of type II and type III protein kinase C isozymes. The type II isozyme required Ca2+ in the presence of long chain PS vesicles; in the presence of the short chain phospholipid micelles (PC or PS), most of the activity was Ca2+ independent. Addition of diacylglycerol caused a small increase in type II activity in all phospholipid systems. In contrast, type III protein kinase C was Ca(+)-dependent in all of the lipid systems. The concentration of Ca2+ required to activate type III protein kinase C was independent of the phospholipid type despite large differences in the ability of these lipids to bind Ca2+. This isozyme required diacylglycerol only in the PC micelle system or with vesicles composed of long chain saturated PS. The presence of short chain PS micelles or long chain PS with unsaturated fatty acyl chains rendered this Ca2(+)-dependent protein kinase C virtually diacylglycerol independent. These results are consistent with a model in which type II protein kinase C requires Ca2+ primarily for membrane association, a requirement which is bypassed with the micelle system, whereas type III protein kinase C has an additional Ca2+ requirement for activity that does not involve Ca2(+)-phospholipid interactions.